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ON THE WAY TO THE MOON 

by Bruce T. Lundin 

I t  i s ,  indeed, bo th  a p leasure  and a v e r y  r e a l  p r i v i l e g e  t o  welcome 

t h i s  d i s t i n g u i s h e d  group o f  teachers, t he  Jennings Scholars,  t o  the  Lewis 

Research Center. You honor us i n  coming. Because i t  i s  t o  t h e  young 

people o f  t h i s  n a t i o n  t h a t  we e n t r u s t  so fiuch o f  t h e  f u t u r e ,  we applazd 

t h e  concept o f  t he  Jennings Scholars and i t s  r e c o g n i t i o n  o f  t he  honored 
cu 

M 
I w 
2 p r o f e s s i o n  o f  teaching. 

I am p a r t i c u l a r l y  d e l i g h t e d  t h a t  you w i l l  a l s o  have an o p p o r t u n i t y  

t o  v i s i t  some o f  the  i n s t a l l a t i o n s  of  t h i s  Center t h i s  morning and see, 

a t  f i r s t  hand, some o f  t he  work i n  progress. As one o f  a f a m i l y  o f  t en  

major centers  o f  t h e  NASA, we here  a t  Lewis a r e  respons ib le  f o r  research  

l e a d i n g  t o  b e t t e r  p r o p u l s i o n  systems fo r  b o t h  a i r c r a f t  and space v e h i c l e s  

and f o r  t he  power systems necessary t o  the genera t i on  of e l e c t r i c  power 

i n  our  f u t u r e  spacec ra f t .  I n  a d d i t i o n  t o  these research a c t i v i t i e s ,  we 

a r e  a l s o  respons ib le  f o r  t he  development o f  t he  At las-Centaur launch 

v e h i c l e  and f o r  t he  Agena f a m i l y  o f  v e h i c l e s  which have s u c c e s s f u l l y  

launched over 20 unmanned, s c i e n t i f i c  s a t e l l i t e s  and probes i n t o  space 

these l a s t  t h r e e  years. Here a t  t h i s  Center, which i s  now e n t e r i n g  i t s  

t w e n t y - s i x t h  year, n e a r l y  5000 men and wornen a r e  engaged i n  research on 

r o c k e t  engines, on e l e c t r i c  p ropu ls ion ,  on s o l a r ,  chemical, and nuc lea r  

power systems, i n  the  search f o r  b e t t e r  m a t e r i a l s  and f u e l s ,  and i n  the 
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eng ineer ing  and t e s t i n g  of launch veh ic les .  I t  i s  f rom such ground-based 

research and eng ineer ing  t h a t  a r e  ob ta ined bo th  t h e  know-how f o r  our 

c u r r e n t  a c t i v i t i e s  i n  space and the  foundat ions f o r  t h e  more d i f f i c u l t  

and cha l l eng ing  tasks o f  t h e  f u t u r e .  But r a t h e r  than a t tempt  t o  desc r ibe  

these a c t i v i t i e s  by word o r  p i c t u r e  from t h i s  aud i to r ium,  I s h a l l  save 

t h a t  f o r  your t o u r  o f  t he  Center and devote my remarks a t  t h i s  t ime  t o  

some o f  the broader aspects o f  our n a t i o n ' s  a c t i v i t i e s  i n  space. And i t  

has, indeed, been a broad, a v a r i e d ,  and a mos t - rap id l y  moving program. 

Since our n a t i o n  en tered  the  space age - or, indeed, c rea ted  t h i s  age - 
a s h o r t  e i g h t  years ago, we have emerged f rom a p e r i o d  o f  e x c i t i n g  b i r t h  

pangs, surv ived  a l u s t y  adolescence, and seem now t o  be e n t e r i n g  a p e r i o d  

o f  capable and r e f l e c t i v e  m a t u r i t y .  We have, i n  t h i s  v e r y  s h o r t  span o f  

t ime, reached t h e  moon and p lane ts ,  r i n g e d  our e a r t h  w i t h  communication and 

weather s a t e l l i t e s ,  d iscovered more about the  n a t u r e  o f  our e a r t h  and i t s  

environment i n  space than i n  p reced ing  decades o f  s c i e n t i f i c  e x p l o r a t i o n ,  

and learned much about man's a b i l i t y  t o  l i v e  and work i n  space. We have, 

I be l i eve ,  tu rned t h e  corner  towards t h e  v i s i o n  o f  Pres ident  Kennedy when 

he sa id ,  f i v e  years ago, t h a t  "we s a i l  a new ocean, t h e  ocean o f  space" 

and c a l l e d  upon us t o  " take  a l ead ing  r o l e  i n  space achievement, which i n  

many ways may h o l d  the  key t o  our f u t u r e  on ear th ' l .  

Among the  most i n t e r e s t i n g  and noteworthy achievements o f  t h i s  p a s t  

year a r e  those devoted t o  t h e  f i e l d  o f  l u n a r  e x p l o r a t i o n ,  b o t h  as an 

expansion of our s c i e n t i f i c  knowledge and as a p r e c u r s o r  t o  manned land- 

ings on the moon. (F igu re  1 )  Standing a l o n e  and e r e c t  on t h e  sur face  o f  
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the  moon i s  Surveyor - i t s  task  completed, i t  remains i n  s i l e n t  test imony 

t o  the i ngenu i t y  and c u r i o s i t y  o f  a c u l t u r e  which makes i t s  home on 

another body o f  the  s o l a r  system some 25O,OOO mi les  away. Launched f rom 

Cape Kennedy (F igure  2 )  on May 30 th  o f  t h i s  year by a new rocket  burn ing  

l i q u i d  hydrogen f o r  f u e l ,  - The A t l a s  Centaur - t h i s  2200 pound space- 

c r a f t ,  c a r r y i n g  more than 100 items o f  engineer ing i ns t rumen ta t i on  and a 

TV camera, was sent  on i t s  journey  t o  t h e  moon w i t h  ou ts tand ing  accuracy. 

Upon a r r i v a l  a t  t he  moon some 63 hours l a t e r ,  Surveyor was c a l l e d  upon t o  

per fo rm the  complex task o f  l and ing  s o f t l y  and i n  the  c o r r e c t  a t t i t u d e  - 
a launch ing  i n  reverse, w i t h  no hands. I t s  f i r s t  maneuver (F igure  3 )  

changed i t s  a t t i t u d e  f rom the c r u i s e  p o s i t i o n  t o  t h a t  requ i red  t o  a l i g n  

the  t h r u s t  o f  i t s  b rak ing  rocket  a long the  f l i g h t  path.  

on board the  spacecra f t  measured an a l t i t u d e  o f  60 m i les ,  a 10,000 

t h r u s t  rocke t  was f i r e d  t o  reduce the speed o f  t he  spacecra f t  f rom 

6000 m i l e s  per hour down t o  about 240 mi les  per hour.  A t  the  comp 

When the  adar 

pound 

about 

e t i o n  

o f  t h i s  40 second p e r i o d  o f  brak ing,  the  spent rocke t  case was thrown away, 

and the  radar  a l t i m e t e r  and a Doppler v e l o c i t y  sensor sent  s i g n a l s  t o  an 

on-board computer and a u t o p i l o t  system. Based on these c a l c u l a t i o n s ,  the 

t h r u s t  o f  t h ree  smal l  vern e r  engines was ad jus ted  t o  b r i n g  Surveyor down 

t o  t h e  moon a long a spec i f  ed, predetermined f l i g h t  pa th .  F i n a l l y ,  a t  

13 f e e t  above the  sur face ,  the  v e r n i e r  engines were shut  o f f  and Surveyor 

dropped g e n t l y  t o  the  su r face  o f  the moon a t  a speed o f  approx imate ly  seven 

m i l e s  per  hour.  The th ree  l and ing  legs contacted the lunar  sur face  w i t h i n  

t e n  w i l l i s e c o n d s  - t h a t  i s ,  w i t h i n  one one-hundredth o f  a second - o f  each 

o t h e r  and w i t h  the  spacecra f t  mast s tand ing  w i t h i n  one degree o f  v e r t i c a l .  
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I t  landed w i t h i n  n i n e  m i les  of the  a iming  p o i n t  e s t a b l i s h e d  two days e a r l i e r  

and over 150,000 m i les  away, near the  c r a t e r  Flamsteed i n  Oceanus Proce l la rum - 
or ,  f o r  t he  non-selenographers among us, about on the  moon's equator and 

one- fou r th  o f  t he  way t o  the  l e f t  o f  cen te r  as one views the  f u l l  moon from 

the  e a r t h .  

The immediate i n fo rma t ion  ob ta ined  from t h i s  success fu l  l and ing  

f i rmed  the  f i n d i n g s  o f  t h e  e a r l i e r  Sov ie t  spacecra f t ,  Luna I X  - i t  d 

s i n k  i n  the  l a y e r  o f  dust  p o s t u l a t e d  by some s c i e n t i s t s .  A c l o s e r  v 

one o f  Surveyor 's legs  (F igu re  4) revea led  t h a t  t h e  

d i s t u r b e d  and penet ra ted  t o  a depth o f  o n l y  a coup le  

up o f  a g ranu lar  s o i l - l i k e  m a t e r i a l  o f  some cohesion 

con- 

d no t  

ew o f  

unar m a t e r i a l  was 

o f  inches and i s  made 

The manner o f  deforma- 

t i o n  i s  s i m i l a r  t o  what might be e x h i b i t e d  by a t e r r e s t r i a l ,  damp, f i n e -  

g ra ined s o i l .  Ana lys is  o f  t he  bear ing  s t r e n g t h  o f  t h i s  m a t e r i a l  i n d i c a t e s  

t h a t  i t  i s  capable o f  suppor t i ng  a s t a t i c ,  compressive l oad  o f  about f i v e  

pounds per  square inch  - enough f o r  an a s t r o n a u t  i n  a p ressure  s u i t  t o  walk 

about on w i thou t  d i f f i c u l t y .  A comparison o f  t he  p r e d i c t e d  temperatures of 

the  surfaces o f  t h e  spacecra f t  w i t h  those a c t u a l l y  measured i n d i c a t e s  t h a t  

i t  i s  n o t  covered by dust.  

The t e r r a i n  w i t h i n  a m i l e  o r  two o f  t h e  l a n d i n g  s i t e  (F igu re  5 )  i s  a 

g e n t l y  r o l l i n g  sur face  studded w i t h  c r a t e r s  t h a t  v a r y  i n  s i z e  f rom a few 

inches t o  several  hundreds o f  f e e t  across.  The area i s  l i t t e r e d  w i t h  

fragmental debr is  as l a r g e  as t h r e e  o r  f o u r  f e e t  across .  Analyses o f  t h e  

s i ze ,  s t r u c t u r e ,  p o s i t i o n  and r e f l e c t i v i t y  o f  some o f  these b locks  o f  l u n a r  

m a t e r i a l  suggest t h a t  they a r e  s t rong,  s i n g l e  rocks o f  s u b s t a n t i a l  cohesion 
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and shear s t reng th ,  d i f f e r e n t  from t h e  general f i n e r - g r a i n e d  m a t r i x  o f  t he  

l una r  su r face  m a t e r i a l .  Looking towards t h e  ho r i zon  (F igure  6) we f i n d  

aga in  a dark, r e l a t i v e l y  l e v e l ,  bare surface, w i t h  a few h i l l s  and low 

mountains s tand ing  aga ins t  t h e  darker  sky. 

The in fo rma t ion  ob ta ined from our  f i r s t  Surveyor spacec ra f t  has gone 

f a r  t o  e s t a b l i s h  the technology and the f e a s i b i l i t y  o f  a successful  l and ing  

o f  a manned c r a f t ,  thus p r o v i d i n g  an important s tep  towards t h e  success o f  

t he  A p o l l o  p r o j e c t .  But Surveyor, l i k e  i t s  predecessor Ranger, p rov ides  

i n f o r n a t i o n  a t  o n l y  a s i n g l e  l o c a t i o n  on t h e  su r face  o f  t h e  moon. For 

wide-scale l una r  mapping, and t o  p rov ide  data e s s e n t i a l  t o  a s e l e c t i o n  o f  

a l a n d i n g  s i t e  f o r  t h e  Apo l l o  as t ronauts ,  photographic coverage o f  a much 

l a r g e r  area o f  t h e  moon i s  requ i red .  Surveyor and Ranger have, t he re fo re ,  

been j o i n e d  by O r b i t e r  - an 800-pound spacecra f t  (F igu re  7)  which was p laced 

i n  o r b i t  about t h e  moon t h i s  summer. Car ry ing  two high-grade cameras designed 

f o r  wide-scale a e r i a l  photography ( i f  t h a t  i s  t he  r i g h t  word), O r b i t e r  can 

sweep an area up t o  50 m i les  wide and 150 m i l e s  l ong  on each pass. O r b i t  ng 

about t h e  moon once every 33 hours, the r o t a t i o n  o f  the  moon about i t s  ax  s 

b r i n g s  a new scene i n t o  v iew on each o r b i t .  

U n l i k e  Surveyor and Ranger, O r b i t e r  p laces  i t s  p i c t u r e s  on high-grade 

f i l m  i ns tead  o f  sending a 6 0 0 - l i n e  TV p i c t u r e  back t o  ea r th .  This exposed 

f i l m  i s  then developed and processed on board t h e  spacec ra f t  i n  a m i n i a t u r e  

f i l m  p rocess ing  l a b o r a t o r y .  A t i n y  spot o f  l i g h t  - less than one t w e n t i e t h  

t h e  diameter o f  a human h a i r  - scans the  developed p i c t u r e  by t r a c i n g  a p a t h  

o f  l 7 , O O O  l i n e s  across each s t r i p  o f  f i l m .  The transparency o f  t h e  f i l m  t o  
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t h e  spot  o f  l i g h t  i s  then converted i n t o  an e l e c t r o n i c  s i g n a l  which i s  sent  

back t o  e a r t h  f o r  r e c o n s t r u c t i o n  of t he  p i c t u r e  f o r  us t o  see. 

s i d e  

s hou 

simp 

been 

o f  the moon. Now, I can 

d be any d i f f e r e n t  f rom 

y revea ls  our innate  cu r  

seen be fore .  The darker 

Sea o f  MOSCOW, a mare o f  some 

v i s i b l e  i n  the  e a r l i e r  Sov ie t  

The r a t h e r  rugged and v a r i e d  na tu re  o f  much o f  t h e  l u n a r  su r face  i s  

apparent i n  F igure  8. The c r a t e r  ev iden t  i n  t h e  upper r i g h t  hand p o r t i o n  

o f  t he  f i g u r e  i s  approximately ten  m i l e s  across,  w i t h  t h e  r i m  r i s i n g  some 

1000 f e e t  above the  ad jacent  surface. 

i s  about 12 degrees above the  ho r i zon .  

has aroused r a t h e r  spec ia l  i n t e r e s t ,  p r i m a r i l y  because i t  i s  o f  t h e  back 

The sun, a t  t he  t ime o f  t h i s  p i c t u r e ,  

The photograph presented i n  F igu re  9 

conceive o f  no reason why t h e  back o f  t h e  moon 

t s  f r o n t ,  bu t  I suppose our spec ia l  i n t e r e s t  

o s i t y  t o  make sure, t o  see what has never 

area i n  t h e  l e f t  s i d e  o f  t he  p i c t u r e  i s  t he  

100 m i l e s  across,  which was s u f f i c i e n t l y  

p i c t u r e s  t o  pe rm i t  them t o  g i v e  i t  i t s  name. 

R i s i n g  t o  the east,  a few degrees above the  hor izon ,  we see t h e  b r i g h t  

c rescent  o f  a new ea r th .  More o f  t h a t  l a t e r .  

Although our knowledge o f  t he  moon i s  now i n f i n i t e l y  g r e a t e r  than i t  

was j u s t  a year or  two ago, each p i e c e  o f  i n fo rma t ion ,  each ques t i on  

answered ra i ses  new quest ions.  What i s  t h e  na tu re  o f  t h e  moon below the  

surface, i s  t h e r e  t r u t h  t o  the  s p e c u l a t i o n  o f  v o l c a n i c  a c t i v i t y ,  does 

water ex s t  below the  su r face  and can l i f e - g i v i n g  oxygen be wrung from 

the  rocks,  - does, indeed, some fo rm o f  l i f e  e x i s t  on t h e  moon? Whi le  

the  p o s s i b i l i t i e s  of l i f e  on the  moon, even i n  v e r y  p r i m i t i v e  molecule- 

b u i l d i n g  forms, a r e  q u i t e  remote, ques t ions  concern ing  t h e  p o s s i b i l i t y  o f  
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e x t r a - t e r r e s t r i a l  l i f e  a r e  among the  most p ro found t h a t  we can ask. And so 

we look eager ly  about ourse lves  t o  f i n d  a l i k e l y  spot and focus our  a t t e n t i o n  

on our  neighbors o f  t h e  s o l a r  system, Venus and Mars. Though Mars has been 

populated, i r r i g a t e d ,  and c i v i l i z e d  i n  f i c t i o n  throughout t h e  cen tu r ies ,  i t  

remains f o r  us, i n  our time, t o  r e a l l y  f i n d  ou t .  

A f i r s t  s t e p  i n  our  e x p l o r a t i o n  o f  Mars was accomplished l a s t  summer 

w i t h  t h e  voyage o f  t h e  spacecra f t  Mariner.  

sun a t  an average d i s tance  of 60 m i l l i o n  m i l e s  f rom t h e  ear th ,  t h i s  space- 

c r a f t  (F igu re  10) had t o  be designed and q u a l i f i e d  f o r  a journey  o f  n i n e  

months through space. To guide i t  on i t s  l ong  journey, i t  s teered by t h e  

s t a r s ,  - ou r  f i r s t  spacecra f t  t o  do so, - by f i n d i n g  and l o c k i n g  on to  t h e  

s t a r  Canopus. Th in  s o l a r  vanes, which were a t tached t o  t h e  ends o f  t h e  

s o l a r  panels t h a t  generate t h e  requ i red  e l e c t r i c a l  power, made use o f  t h e  

pressure  o f  sunshine t o  a i d  i n  c o n t r o l l i n g  i t s  a t t i t u d e  i n  space. 

Wi th  Mars o r b i t i n g  about t h e  

The encounter w i t h  the  p lane t  Mars took  p l a c e  on J u l y  14 th  o f  l a s t  

year.  Dur ing t h a t  day, the  space environment near t h e  p lane t  was measured 

and 21 p i c t u r e s  were taken from a range o f  l e s s  than 10,000 m i les  above the  

Mar t i an  sur face .  

t h e  spacecra f t  f o r  l a t e r  play-back t o  ea r th .  

sequence was completed i n  26 minutes. A l l  of these opera t ions  had t o  be 

conducted accord ing  t o  commands p r e v i o u s l y  s t o r e d  i n  the  spacecra f t  r a t h e r  

than by "ground command" f rom here  on e a r t h  because o f  a t ime de lay  o f  

12 minutes t h a t  was r e q u i r e d  f o r  a s igna l  t o  t r a v e l  t h e  d i s tance  o f  

130,000,000 m i l e s  t h a t  was then separa t i ng  E a r t h  and Mars. I n  f a c t ,  i t  

was n o t  u n t i l  t h e  nex t  day, some 20 hours l a t e r ,  t h a t  we rece ived an 

These p i c t u r e s  were then s t o r e d  on magnetic tape aboard 

The e n t i r e  p i c t u r e  t a k i n g  
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i n d i c a t i o n  t h a t  p i c t u r e s  were, indeed, obtained. As Mar iner  cont inued i t s  

journey, i t  passed behind the  p l a n e t  as viewed from the  earth,  so t h a t  i t s  

r a d i o  messages were caused t o  pass through t h e  Mar t i an  atmosphere. By 

measuring the change i n  s t r e n g t h  and frequency and t h e  bending o f  these 

s i g n a l s  as they passed through t h i s  atmosphere, we ob ta ined our f i r s t  

accu ra te  measurements o f  t he  dens i t y  o f  t he  Mar t i an  atmosphere - e s s e n t i a l  

i n fo rma t ion  for subsequent land ings  on Mars. 

Each o f  the  21 p i c t u r e s  s t o r e d  i n  the  spacec ra f t  was then read back t o  

e a r t h  by scanning the  p i c t u r e  w i t h  200 do ts  o f  l i g h t  across a t o t a l  o f  200 

l i n e s .  The shade o f  gray o f  each o f  these do ts  was f u r t h e r  i d e n t i f i e d  by 

a s i x  d i g i t  b i n a r y  code, thus p e r m i t t i n g  the  r e c o n s t r u c t i o n  o f  a p i c t u r e  

f rom the  240,000 pieces, o r  b i t s ,  o f  i n fo rma t ion .  P i c t u r e  t ransmiss ion  was 

l i m i t e d  by the power a v a i l a b l e  t o  a r a t e  o f  about e i g h t  b i t s  pe r  second. 

Some 84 hours t ime was, t he re fo re ,  r e q u i r e d  t o  send one p i c t u r e .  

The f i r s t  p i c t u r e  rece ived  amazed the  watching group o f  s c i e n t i s t s .  

Al though the p o s s i b i l i t y  o f  c r a t e r s  on Mars had been c a s u a l l y  mentioned 

be fo re  t h i s  encounter, few were prepared f o r  t h i s  moon-l ike scene (F igu re  1 1 ) .  

A l though one wag was i n s p i r e d  t o  observe a t  t h e  t ime  t h a t  one word would blt 

wor th  a thousand p i c t u r e s ,  t h i s  one, F igu re  1 1 ,  was c la imed by one o f  the  

s c i e n t i s t s  a t  the scene as be ing  "one o f  t h e  most remarkable s c i e n t i f i c  

photographs o f  t h i s  age". Most prominent i s  a 75-mi le  diameter c r a t e r ,  

w i t h  a th ree -m i le  c r a t e r  i n  i t s  eas te rn  r i m .  Slopes range o n l y  up t o  ten  

degrees and no fea tures  sharp enough t o  c a s t  shadows a r e  observed. C ra te r  

r i m s  r i s e  t o  several  hundred f e e t  above t h e  sur round ing  t e r r a i n ,  w i t h  t h e  

in tes ios ,s  depressed t o  thousands o f  f ee t .  A number o f  c r a t e r s  near t h e  
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evening te rm ina to r ,  t h a t  i s ,  i n  the  cool o f  t h e  a f te rnoon ,  appear f r o s t e d  - 
a c o n d i t i o n  n o t  i n c o n s i s t e n t  w i t h  the  presence o f  water.  

Al though 21 such p i c t u r e s  d o n ' t  go f a r  i n  d e f i n i n g  a whole p lane t ,  

M a r i n e r ' s  v iew o f  Mars i s  a broad and profound one indeed when compared 

w i t h  a l l  o f  our p rev ious  knowledge of  t h i s  p l a n e t .  I f  we can d e t e c t  no 

evidence o f  l i f e  on Mars, we should not be d isappo in ted .  S i m i l a r  p i c t u r e s  

o f  the  su r face  o f  t he  e a r t h  taken by our weather s a t e l l i t e s  a l s o  revea l  no 

evidence of l i f e  here  on our p l a n e t .  Mariner I V  has opened Mars as we 

might  open a book a t  random, t o  glance a t  one page. To see more o f  t h i s  

book o f  Mars, we p l a n  t o  v i s i t  i t  again i n  1969 and 1971 w i t h  fo l l ow-on  

Mar iner  spacec ra f t  and i n  1973 by Voyager - a much l a r g e r  spacec ra f t  which 

w i l l  send down a capsule t o  the  Mar t ian  sur face .  This capsule may c o n t a i n  

as much as 300 pounds of s c i e n t i f i c  instruments t o  d i g  and scrape on t h e  

M a r t i a n  surface, analyze what i t  f i nds ,  and send i t s  d i s c o v e r i e s  back t o  

us on e a r t h .  

I n  a d d i t i o n  t o  these exp lo ra t i ons  o f  our  ne ighbor ing  bodies i n  the  

s o l a r  system, we have, o f  course, a l s o  been l e a r n i n g  much about the  busy 

environment o f  space around t h e  e a r t h  (F igu re  12). The s e r i e s  o f  space- 

c r a f t  c a l l e d  Exp lorers  have measured t h e  p r o p e r t i e s  o f  t he  s o l a r  wind and 

i t s  i n t e r a c t i o n  w i t h  our  magnetic f i e l d ,  have mapped the  g rea t  r a d i a t i o n  

b e l t s  around t h e  ea r th ,  and measured the  g rea t  v a r i e t y  o f  p a r t i c l e s ,  cosmic 

rays  and energy f i e l d s  i n  space. The O r b i t i n g  So lar  Observatory, c a l l e d  

OSO, has opened a new era  i n  s o l a r  astronomy, measuring the  u l t r a v i o l e t  and 

x - ray  energy produced by t h e  Sun - the  cen te r  and d r i v i n g  f o r c e  o f  a l l  
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processes here on ea r th .  The O r b i t i n g  Astronomical Observatory w i l l  c a r r y  

a te lescope above the  e a r t h ' s  obscur ing  atmosphere t o  look  a t  t h e  heavens 

w i t h  new c l a r i t y  and v i s i o n .  OGO, t he  s e r i e s  o f  O r b i t i n g  Geophysical 

Observator ies,  have o r b i t e d  the  e a r t h  i n  bo th  p o l a r  and e q u a t o r i a l  o r b i t s  

t o  survey the e a r t h ' s  magnetic f i e l d s  and r e l a t e d  phenomena i n  space. Other 

s a t e l l i t e s  have s t u d i e d  the  ionosphere - the  l a y e r  o f  ions and f r e e  e l e c t r o n s  

a t  the  edge o f  our atmosphere so important t o  r a d i o  communications - and 

observed the e f f e c t s  o f  s o l a r  a c t i v i t y  on our  upper atmosphere. Indeed, n o t  

s i n c e  the  t ime t h a t  G a l i l e o  f i r s t  looked a t  t he  moon w i t h  a te lescope has 

such an oppor tun i t y  f o r  new knowledge presented i t s e l f  t o  mankind. 

I n  a l l  o f  these i n i t i a l  e x p l o r a t i o n s  o f  t h e  moon, t h e  p l a n e t s  and the  

t o t a l  space environment, i t  i s  c l e a r  t h a t  t he  use o f  these unmanned space- 

c r a f t  i s  the s imp les t ,  qu i ckes t  and s a f e s t  way t o  do t h e  j o b .  I t  i s  eq r la l l y  

c l e a r ,  however, t h a t  l a t e r  and more complex opera t i ons  w i l l  r e q u i r e  t h e  

presence o f  man's judgment and v e r s a t i l i t y  on t h e  scene. Here, you see, we 

a r e  r e a l l y  e x p l o r i n g  the unknown, and instruments can o n l y  be used t o  detect, 

and measure what they have been designed i n  advance t o  do. I f  t h e  c o n d i t i o n s  

encountered a r e  unexpected - and they u s u a l l y  a r e  - they  may w e l l  go by 

comple te ly  unnot iced by t h e  ins t rument .  I t  i s  i n  t h i s  phase o f  our  exp lo ra-  

t i o n s  t h a t  the a b i l i t y  o f  a man t o  exe rc i se  judgment, t o  i n t e g r a t e  many 

simultaneous events, t o  s e l e c t  t he  most i n t e r e s t i n g  t h i n g s  t o  observe, t o  

respond t o  the unexpected, w i l l  be o f  paramount importance. Fu r the r ,  i t  

seems q u i t e  l i k e l y  t h a t  f o r  t h e  l ong  voyages of t h e  f u t u r e ,  t he  presence 

of  a man on board the  spacec ra f t  w i l l  be necessary f o r  r e p a i r ,  adjustment,  



1 1  

o r  ope ra t i on  o f  the  complex equipment. And beyond a l l  these cogent arguments, 

i t  seems e q u a l l y  c l e a r  t h a t  man w i l l  p a r t i c i p a t e  i n  these exp lo ra t i ons  

s ,  perhaps, a measure o f  the  na tu re  and 

1 1  not be s a t i s f i e d  u n t i l  he has p a r t i c i -  

ons and has gone t o  see f o r  h imse l f .  

s imp ly  because he wants to .  I t  

q u a l i t y  o f  man h imse l f  t h a t  he w 

pated d i r e c t l y  i n  these e x p l o r a t  

And so, a program o f  manned space f l i g h t  has, as you know, been going 

forward i n  p a r a l l e l  w i t h  these unmanned exp lo ra t i ons  ever s ince  our count ry  

entered the  space age e i g h t  years ago. The programs a r e  f a m i l i a r  t o  a l l  o f  

you - Mercury, which sent  our f i r s t  ast ronauts i n t o  o r b i t  about the  ea r th ;  

Gemini, which prov ides f l i g h t  dura t ions  o f  up t o  fou r teen  days f o r  t he  crew 

o f  two men; and o f  Apo l lo ,  the program t o  send men t o  the  sur face  o f  the 

moon and r e t u r n  them s a f e l y  t o  ea r th .  I n  s p i t e  o f  t he  concen t ra t i on  o f  

e f f o r t  and p u b l i c i t y  t h a t  has been focused,on t h i s  Apo l l o  miss ion,  i t  should 

n o t  be viewed as an end-pointed program t h a t  w i l l  be completed when we reach 

the  moon. I t  i s ,  instead, o n l y  an in termediate s tep  i n  ou r  exp lo ra t i ons  

between the  Gemini program and the  l a t e r  development o f  permanent labora-  

t o r i e s  i n  space, lunar  bases, and manned f l i g h t s  t o  the  p lane ts .  

Throughout the  Mercury and Gemini programs, most o f  the  p u b l i c ' s  

a t t e n t i o n  has been d i r e c t e d  t o  the  var ious  opera t iona l  aspects o f  t he  

m i s s i o n  such as docking o r  rendezvous or t o  the  des ign and opera t i on  o f  

t h e  launch v e h i c l e s  and spacecra f t  Le t  us, t he re fo re ,  cons ider  b r i e f l y  

some o f  t he  th ings  we have learned and some o f  t h e  quest ions t h a t  remain, 

concern ing  the  human component o f  hese a c t i v i t i e s  - o f  man h imse l f  i n  the 

space env i ronmen t . 
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The seven f l i g h t s  of P r o j e c t  Mercury answered many quest ions t h a t  

bothered us a t  t h e  s t a r t  o f  t h e  program (F igu re  13) .  

cou ld  e a s i l y  w i ths tand  the  acce le ra t i ons  o f  launch and reen t ry ,  cou ld  

c o n t r o l  the a t t i t u d e  o f  h i s  spacecra f t  w i t h  ease, s u f f e r e d  no v e r t i g o  o r  

d i s o r i e n t a t i o n  even w i t h  l o s s  o f  v i s u a l  references, and cou ld  ea t ,  d r i n k ,  

and u r i n a t e  w i t h o u t  d i f f i c u l t y  i f  proper equipment f o r  t he  we igh t less  

c o n d i t i o n s  was prov ided.  P r i n c i p a l  medical ques t ions  remaining a t  t h e  

complet ion o f  P r o j e c t  Mercury concerned the  e f f e c t s  o f  f l i g h t s  o f  longer  

dura t ion .  

We learned t h a t  man 

The a c t i v i t i e s  o f  the  p a s t  18 months have been most even t fu l  (F igu re  14) 

and a g rea t  deal o f  progress has been made toward d e f i n i n g  the  p h y s i o l o g i c  

c o s t  o f  space f l i g h t  and toward l e a r n i n g  the  opera t i ona l  requirements t o  

support  man i n  prolonged space f l i g h t s .  The Gemini program has now p rov ided  

us w i t h  f l i g h t  du ra t i ons  o f  up t o  14 days, some exper ience w i t h  EVA,  - i .e . ,  

e x t r a  v e h i c u l a r  a c t i v i t y  - and has developed the  techniques and equipment 

f o r  rendezvous and docking w i t h  another o b j e c t  i n  space. I n  t o t a l ,  some 

24 as t ronauts  have logged over 1800 man-hours i n  space - n e a r l y  f o u r  t imes 

t h a t  of t h e  Sov ie t  cosmonauts. 

Throughout t h e  program, t h e  e x c e l l e n t  performance o f  a l l  o f  t h e  

as t ronau ts  has demonstrated t h a t  t he  c e n t r a l  nervous system o f  man func- 

t i o n s  v e r y  we l l  under the  r i g o r s  o f  space f l i g h t s  (F igu re  1 5 ) .  Demanding 

performance such as the  launch o f  Gemini V I ,  t h e  rendezvous and the  

t h r u s t e r  problem i n  Gemini V I I I ,  t he  EVA of Gemini I V ,  I X ,  and X I ,  and 

many accurate landings and recove r ies  a t  sea a l l  demonstrate man's 
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remarkable a b i l i t y  t o  handle s t r e s s f u l  s i t u a t i o n s  when p r o p e r l y  t r a i n e d  

and mot ivated.  Normal s leep pa t te rns  appear p resent  and v i s u a l  a c u i t y  i s  

unimpaired. Contrary  t o  r e p o r t s  from Sov ie t  exper ience, no abnorma l i t i es  

i n  the  v e s t i b u l a r  sense - t h a t  i s ,  r e l a t i n g  t o  the  sense o f  balance from 

the inner  ear - have been observed e i t h e r  d u r i n g  f l i g h t  o r  i n  the  pos t -  

f l  i g h t  pe r iod .  

The f i r s t  system i n  which a change was d iscovered due t o  space f l i g h t  

i s  t h e  card iovascu la r .  Th is  system has, t he re fo re ,  been s tud ied  e x t e n s i v e l y  

by means o f  t he  e l  ectrocardiogram, the phonocardiogram, exe rc i se  to1 erance, 

and the response o f  the c i r c u l a t o r y  system when t h e  sub jec t  i s  r o t a t e d  on 

the  t i l t  tab le .  By measuring the  change i n  pu l se  r a t e  and b lood pressure 

o f  the as t ronaut  when r o t a t e d  from a h o r i z o n t a l  t o  a near v e r t i c a l  p o s i t i o n  

on t h i s  tab le ,  a q u a n t i t a t i v e  measure o f  t he  c o n d i t i o n  o f  h i s  card iovascu la r  

system i s  obta ined.  Comparison o f  t e s t s  conducted p r i o r  t o  and immediately 

a f t e r  t h e  miss ion  i nd i ca tes  the  e f f e c t s  o f  the  space f l i g h t .  Some o f  these 

r e s u l t s  a r e  summarized i n  F igu re  16. A p rog ress i ve  increase i n  pu l se  r a t e  

when r o t a t e d  on the  t a b l e  i s  noted f o r  f l i g h t s  o f  one, f o u r  and e i g h t  days, 

reach ing  a maximum change o f  130 percent  f o r  t he  e ight -day f l i g h t .  How- 

ever,  f o r  t he  14 day f l i g h t  o f  Gemini V I I ,  t he  abnormal response disappears.  

S i m i l a r  changes i n  t o t a l  b lood volume was a l s o  noted f o r  these f l i g h t s .  I 

might  a l s o  add, somewhat p a r e n t h e t i c a l l y ,  t h a t  a l l  as t ronauts  re tu rned  t o  

e s s e n t i a l l y  normal cond i t i ons  i n  about two days a f t e r  t h e i r  r e t u r n  t o  ea r th .  

Perhaps you have a l s o  heard something about the loss o f  bone ca lc ium 

d u r i n g  the  e a r l i e r  Gemini f l i g h t s .  Indeed, (F igu re  17)  on the four  and 

e i g h t  day f l i g h t s ,  a loss  o f  ca lc ium o f  between 10 and 15 percent  was noted. 

- .  



This  change a1 so was reduced t o  neg 

o f  Gemini V I  I .  C lea r l y ,  t he  f l  i g h t  

e l e v e l s  d u r i n g  t h e  longer f l  

t i o n s  o f  Gemini V I 1  were more 

favo rab le  t o  the  human system than the  e a r l i e r  f l i g h t s  even i f  the  

as t ronau ts  of t he  e a r l y  missions were unimpaired i n  the  performance of 

i g i b  

cond 
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gh t  

t h e i r  tasks and re tu rned  t o  normal a t  t he  comple t ion  o f  t he  f l i g h t .  I n  

s p i t e  o f  the v e r y  cramped quar te rs  o f  t h i s  spacec ra f t ,  t h e  as t ronau ts  of 

Gemini V I 1  were prov ided somewhat g rea te r  exe rc i se  pe r iods ,  p u l l i n g  on a 

bungee cord ,  p l u s  some i s o m e t r i c  exerc ises .  Some d i f f i c u l t y  was a l s o  

experienced i n  o b t a i n i n g  s a t i s f a c t o r y  s leep pe r iods  on the  f o u r  and e i g h t  

day missions. 

t i o n s  w i t h  ear th ,  and the  general d u t i e s  o f  housekeeping n t e r f e r e d  w i t h  

the  a b i l i t y  t o  sleep. 

a l t e r n a t e  per iods o f  work and r e s t ,  i t  was found t h a t  t he  spacec ra f t  was 

so q u i e t  t h a t  any a c t i v i t y  by t h e  work ing  as t ronau t  produced an aroused 

r e a c t i o n  i n  h i s  r e s t i n g  companion. However, on Gemini V I I ,  b o t h  as t ronau ts  

were scheduled t o  r e t a i n  t h e i r  normal Cape Kennedy work- res t  cyc les ,  w i t h  

bo th  crewmen f a l l i n g  asleep d u r i n g  the  m idn igh t  t o  6:OO a.m. Cape Kennedy 

n i g h t  t ime  per iod .  This process worked o u t  v e r y  w e l l .  Both crewmen d u r i n g  

t h i s  l ong  mission a l s o  enjoyed a d i e t  o f  some 2200 c a l o r i e s  a day, i n  marked 

c o n t r a s t  t o  the  1000 c a l o r i e  per  day i n t a k e  o f  t h e  Gemini V crew. No 

i r r i t a b i l i t y ,  excessive f a t i g u e  o r  impairment o f  performance were noted. 

d u r i n g  the  e n t i r e  I 4  days o f  Gemini V I I .  

The f i r i n g  o f  t h e  t h r u s t e r s ,  t h e  n e a r l y  co s t a n t  communica- 

When t h e  as t ronau ts  at tempted t o  s eep d u r i n g  

Summarizing t h e  exper ience t o  date,  s i g n i f i c a n t  changes due t o  space 

f l  i g h t  have been observed o n l y  w i t h  t h e  ca rd iovascu la r ,  t h e  muscu loske le ta l ,  

and the  blood-making systems and even these r e l a t i v e l y  minor o r  temporary 
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e f f e c t s  have been brought under con t ro l  by t h e  p r o v i s i o n  o f  a proper  env i ron-  

ment i n  the spacecra f t .  The doctors  a re  c o n f i d e n t  a t  t h i s  t ime i n  the  

a b i l i t y  o f  t h e i r  as t ronauts  t o  make the seven-day journey  t o  the  moon and 

back. 

longer  voyages t o  the  p lane ts .  I t  i s  a long reach f rom a f l i g h t  o f  a few 

days t o  one o f  a year o r  more i n  du ra t i on  to ,  say, Mars. We obv ious l y  have 

much work t o  do i n  e a r t h - o r b i t i n g  space l a b o r a t o r i e s  be fo re  under tak ing  such 

ventures.  The d i f f i c u l t i e s  r e c e n t l y  exper ienced d u r i n g  EVA - when the  

as t ronaut  was o u t s i d e  the  spacecra f t  w i t h  no th ing  t o  push aga ins t  o r  any- 

t h i n g  s o l i d  t o  hang on to  - a l s o  suggest t h a t  any f u t u r e  space s t a t i o n  o r  a 

spaceship f o r  one o f  t he  long t r i p s  to  the  p lane ts  should no t  be w i thou t  

some form o f  a r t i f i c i a l  g r a v i t y .  Simply f o r  convenience, i f  no th ing  e l se ,  

a l i t t l e  grav t y  would be a g rea t  he lp.  A f t e r  a l l ,  we have evolved and 

learned a l l  o our  h a b i t s  and procedures i n  a g r a v i t y  environment. To pour 

l i q u i d  i n t o  a g lass ,  t o  pu t  something down on a tab le ,  t o  sweep the  d i r t  

i n t o  a corner  a r e  n a t u r a l  reac t i ons  which would be f r u s t r a t e d  by an absence 

o f  g r a v i t y .  And so, i t  seems t o  me t h a t  when we b u i l d  our  space s t a t i o n s  

o r  spaceships o f  t he  f u t u r e ,  we w i l l  need t o  p rov ide  no t  o n l y  our  e a r t h l y  

environment o f  an atmosphere, food, temperature and day-n ight  cyc les ,  bu t  

a l s o  take  w i t h  us a l i t t l e  p iece  o f  g r a v i t y .  

But we should no t  be tempted t o  e x t r a p o l a t e  these r e s u l t s  t o  the  

These programs - Surveyor, Mariner, Gemini, and many o thers  - a r e  bu t  

t oday ' s  s tepp ing  stones t o  the  moon and beyond. They f i n d  t h e i r  o r i g i n  i n  

t h e  d e c i s i o n  o f  our n a t i o n  t o  en ter  and lead i n  the  e x p l o r a t i o n  o f  space, 

l e g a l l y  expressed i n  the  Space Act o f  1958 and i n  the  fo rmat ion  o f  NASA j u s t  

e i g h t  years ago t h i s  month. I t  i s  p e r t i n e n t  t o  r e c a l l  the  opening words o f  
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t h a t  Act, which proclaimed t h a t  " i t  i s  t h e  p o l i c y  o f  t h e  Un i ted  Sta tes  t h a t  

a c t i v i t i e s  i n  space should be devoted t o  peaceful  purposes f o r  t h e  b e n e f i t  

o f  a l l  mankind". I t  i s ,  t he re fo re ,  e q u a l l y  p e r t i n e n t  t o  i n q u i r e  i n t o  t h e  

degree o r  manner i n  which our a c t i v i t i e s  f u l f i l l  t h i s  requirement o f  

"benef i  t t o  a1 1 mankind". 

O f  the  e i g h t  na t i ona l  goa ls  es tab l i shed  by t h i s  Act o f  Congress, t h e  

f i r s t  c a l l s  upon us t o  c o n t r i b u t e  t o  " the  expansion of human knowledge of 

phenomena i n  the  atmosphere and space". We proceed here  on f a i t h ,  b u t  i t  

i s  a s t r o n g  f a i t h  t h a t ,  i n  t h e  l ong  run, t h e  search f o r  knowledge and 

understanding about ourse lves ,  t h e  ea r th ,  t he  s o l a r  system, 

un i ve rse  holds, i n  many ways, t he  key t o  our  f u t u r e  w e l l  be 

ea r th .  

But s c i e n t i f i c  knowledge does no t  c o n s i s t  o f  a mere co 

and the  

ng here  on 

1 e c t  i o n  o f  f a c t s  

and laws nor does i t s  va lue  end w i t h  the  f o r m u l a t i o n  o f  u n i f y i n g  t h e o r i e s ;  

t h e o r i e s  which c o n s t i t u t e ,  a t  bottom, a search f o r  beauty and harmony i n  

the  wor ld  tha t  i s  a k i n  t o  our c r e a t i v i t y  i n  the  a r t s ,  l i t e r a t u r e ,  o r  music. 

Such i s  t h e  p rov ince  o f  the  s tudent  o r  p r a c t i t i o n e r  o f  sc ience.  The v a l u e  

o f  these a c t i v i t i e s  on a broad s c a l e  i s  t h a t  they  make us more aware o f  t he  

wor ld  i n  which we l i v e .  I t  has, i n  a word, bestowed comprehension. As we 

look upon the su r face  o f  Mars, o r  see our Ea r th  ( F i g u r e  18), r i s i n g  i n  

splendor above the  ho r i zon  o f  t h e  moon, we have impressed anew upon our  

minds the  immensity o f  the  u n i v e r s e  around us and t h e  beauty o f  t h e  p l a n e t  

t h a t  we a l l  share. By so i nc reas ing  our  awareness - which appears t o  be 

the u l t i m a t e  j u s t i f i c a t i o n  f o r  any i n t e l l e c t u a l  a c t i v i t y  - we a r e  in t roduced 

i n t o  new ways of t h i n k i n g  and new ways o f  l o o k i n g  a t  o l d  ques t ions .  



, 
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The new knowledge t o  be a t t a i n e d  i n  and from our  a c t i v i t i e s  i n  space 

cu ts  across p r a c t i c a l l y  a l l  f i e l d s  of  science - chemist ry ,  phys ics,  geology, 

b io logy ,  astronomy, psychology, and j u s t  about any f i e l d  you wish t o  name. 

Because o f  t h i s  u n i v e r s a l i t y  of  space as an arena f o r  n e a r l y  a l l  o f  science, 

t he  conduct o f  space e x p l o r a t i o n  i s  p r o v i d i n g  a u n i t y  and a drawing together  

o f  many people o f  v a r i e d  s k i l l s  and backgrounds. The astronomer has a 

i n t e r e s t  i n  the  chemis t ry  o f  p lane ta ry  atmospheres, the  f r o n t i e r s  

o logy  l i e  i n  the  atomic s t r u c t u r e  o f  mat te r ,  and t h e  designers o f  

nes cannot ignore  the  psychology and phys io logy  o f  humans. We a r e  

b e l i e v e ,  a move away from the  narrow s p e c i a l i z a t i o n  

e x i s t e d  f o r  the past severa l  c e n t u r i e s  towards a r e t u r n  

ons o f  na tu ra l  ph i losophy.  Th is  move toward a broader 

s p i r i t  o f  i n q u i r y  i n t o  the  phys ica l  surroundings o f  man i s  one o f  t he  

impor tant  accompaniments o f  space research. 

exper ienc ing  here, 

i n  sc ience t h a t  has 

t o  the o l  der t rad i t 

For our  young people who may choose a career  i n  the  sciences, 1,there- 

fore,encourage the  avoidance o f  a narrow s p e c i a l i z a t i o n  o f  study t h a t  may 

seem t h e  easy road t o  competence. 

i n  b i o l o g y ,  the des igner  o f  a f u t u r e  spacecraf t  cannot escape the  sciences 

o f  e l e c t r o n i c s ,  chemist ry ,  aerodynamics o r  b i o l o g i c a l  s t e r i l i z a t i o n .  For a 

t ime, a narrow s p e c i a l i z a t i o n  has a c e r t a i n  s u r v i v a l  va lue  and can even lead 

t o  an e a r l y  estab l ishment  o f  a s c i e n t i f i c  repu ta t i on .  I n  the  end, however, 

i t  u s u a l l y  leads t o  e a r l y  obsolescence. Jus t  as most o f  the s c i e n t i f i c  

f r o n t i e r s  o f  today were unknown o r  l i t t l e  developed 10 o r  15 years ago, 

so many of  the  f i e l d s  i n  which today 's  young people w i l l  be work ing i n  the 

1970's o r  1980% a r e  probably  l i t t l e  known today. 

The chemist  must know what 's  go ing on 

This  r a p i d  r a t e  o f  change 
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o f  knowledge i n  p r a c t i c a l l y  a l l  f i e l d s  f u r t h e r  emphasizes the  importance o f  

what may be termed t h e  method and a r t  o f  t h e  sub jec t  mat te r  as opposed t o  

mere content.  The s tudent  of science, f o r  example, needs n o t  o n l y  a 

knowledge of the  conten t  o f  c u r r e n t  s c i e n t i f i c  t heo r ies  - which have a way 

o f  changing from t ime t o  t ime - b u t  a l s o  an understanding o f  t he  method o f  

sc ience and an a p p r e c i a t i o n  o f  why a s c i e n t i s t  chooses t o  look  a t  t h i n g s  

t h e  way he does. Engineer ing design invo lves ,  t o  be sure,  a knowledge of 

t he  behavior o f  m a t e r i a l s  and c u r r e n t  methods o f  s t r e s s  a n a l y s i s ,  b u t  good 

design requ i res  a f a c i l i t y  i n  the  a r t  o f  t h e  s u b j e c t .  The conten t  and 

substance o f  the sub jec t  a t  hand may be ob ta ined  from the  textbook and 

lessons by r o t e .  The more important i n g r e d i e n t s  o f  s t r u c t u r e ,  method, and 

form - t h e  a r t  - o f  t h e  sub jec t  requ i res ,  however, a t r a n s f e r  o f  f e e l i n g  

and va lue  from teacher t o  s tudent .  With t h i s  t r a n s f e r  accomplished, t h i n g s  

o f  endur ing v a l u e  a r e  secured and the  s u b j e c t  ma t te r  becomes l i v e l y ,  

i n t e r e s t i n g ,  and u s e f u l .  

The c o n s t r u c t i o n  and o p e r a t i o n  o f  a spacec ra f t  a l s o  embodies t h i n g s  o f  

bo th  a t r a n s i t o r y  and an endur ing na tu re .  When we look  upon Mar iner ,  f o r  

example (F igure  l 9 ) ,  we may marvel a t  

p i c t u r e s  o f  Mars t h a t  i t  ob ta ined,  bu t  

Beneath t h e  sur face  l i e s  bo th  a demand 

o f  human e f f o r t  t h a t  i s  new t o  t h e  wor 

t s  eng inee r ing  s o p h i s t i c a t i o n  o r  t h e  

we see o n l y  t h e  top  o f  an iceberg.  

f o r  p e r f e c t i o n  and an o r g a n i z a t i o n  

d. Each o f  M a r i n e r ' s  140,000 p ieces  

and the  300,000 p a r t s  o f  t h e  r o c k e t  t h a t  launched i t  i n t o  space had t o  work 

p e r f e c t l y  o r  a l l  would have been l o s t .  The t h i n  l i n e  t h a t  separates success 

and f a i l u r e  demands o f  a l l  o f  us a new l e v e l  o f  p e r f e c t i o n  and exce l l ence  

i n  a l l  t h a t  we do. We have learned many s t e r n  lessons these p a s t  few years, 
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and among them i s  the sure  knowledge t h a t  a loose w i re ,  a s o i l e d  p a r t ,  o r  a 

n e a r l y  p e r f e c t  design i s  the sure cause o f  f a i l u r e .  A t t e n t i o n  t o  d e t a i l ,  

soundness o f  design and t e s t ,  and a constant  awareness t h a t  a s h o r t c u t  is 

the  p a t h  t o  f a i l u r e  

engineer ing.  I n  a1 t h a t  we do, i n  design, ma te r ia l  hand l ing ,  c o n s t r u c t i o n  

o f  p a r t s ,  packaging inspec t ion ,  assembly and t e s t i n g ,  we must accept the 

p r o p o s i t i o n  t h a t  p e r f e c t i o n  i s  n o t  on l y  p o s s i b l e  bu t  necessary. 

s a t i s f i e d  o n l y  when we have done our  very best ,  w i t h  the  sure  knowledge 

t h a t  any l ess  w i l l  r e s u l t  i n  f a i l u r e ,  i s  s u r e l y  a hard lesson of t he  space 

age t h a t  can w e l l  be app l i ed  t o  many of our  e a r t h l y  a c t i v i t i e s .  

a r e  among the  touchstones o f  successfu l  space age 

To be 

The o rgan iza t i on  o f  human e f f o r t  behind the  f l i g h t  o f  a Mar iner ,  or  

any o t h e r  spacecra f t ,  i s  g loba l  i n  ex ten t .  Every launch from Cape Kennedy 

invo lves  an a r r a y  o f  agreements w i t h  people throughout the  wor ld .  

c o n s t r u c t i o n  o f  the spacecra f t  a lone requ i red  the  coord ina ted  e f f o r t s  o f  

over  50,000 people spread throughout a s c i e n t i f i c  community o f  many 

u n i v e r s i t i e s ,  o f  hundreds o f  p r i v a t e  con t rac to rs ,  and over a dozen sepa- 

r a t e  elements o f  our na t i ona l  government. A t  our miss ion  c o n t r o l  cen ters  

come t h e  vo ices o f  men and women throughout the wor ld ,  each doing h i s  p a r t  

and each b e t r a y i n g  by h i s  v o i c e  h i s  devot ion  t o  the  j o b  a t  hand. 

t h e i r  vo ices  came f rom p laces bear ing  f a m i l i a r  names - Grand Bahama, 

Ant igua and Hawaii, and many from places on t h i s  e a r t h  bear ing  new o r  

s t range  sounding names - from Carnarvon, Tananarive, and T i d b i n b i l l a .  

Dur ing  t h e  83 hours t h a t  Mar iner  took t o  send us each o f  i t s  p i c t u r e s ,  

t he  w o r l d  turned a t h i r d  o f  a r e v o l u t i o n  on i t s  a x i s .  Pa r t  o f  a p i c t u r e  

would, there fore ,  be rece ived i n  Spain, p a r t  i n  A u s t r a l i a ,  o r  p a r t  i n  our  

The 

Many o f  



own count ry .  Each p i e c e  became a meaningful who 

work o f  communication and coopera t ion .  T r u l y ,  e 

g loba l  scale.  
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e through a g loba l  ne t -  

e c t r o n i c  a r t i s t r y  on a 

As we contemplate t h e  n a t u r e  o f  tomorrow's wor ld,  i t  becomes c l e a r  

t h a t  an essen t ia l  element o f  our f u t u r e  w i l l  be wor 

through o r b i t i n g  s a t e l l i t e s .  Jus t  as the  te leg raph  

a cen tu ry  ago and the  telephone has become essen t ia  

almost a l l  commercial and SOC 

the  ready a v a i l a b i l  i t y  o f  wor 

t o  our f u t u r e  r o l e  i n  the  wor 

the  s o c i a l  i s o l a t i o n  i n  which 

f rom which much o f  i t  

v i  1 lages, and parochia 

o f  t he  wor ld.  But now 

a1 a c t i v i t i e s  w i t h i n  

d-wide communications 

d-wide communications . I  

u n i f i e d  t h i s  c o u n t r y  

t o  t h e  conduct o f  

h i s  count ry ,  so w i l l  

be o f  g r e a t  importance 

d. I t  i s  perhaps d i f f i c u l t  f o r  us t o  imagine 

most o f  t he  human race  s t i l l  e x i s t s  - and 

s now c lamor ing  t o  escape. I s o l a t e d  t r i b e s  and 

n a t i o n a l i s t i c  groups a r e  s t i l l  t he  r u l e  i n  much 

i n  a b r i e f  moment o f  t ime, a l l  t h i s  w i l l  end. The 

coming o f  the  communications s a t e l l i t e  w i l l  make i t  imposs ib le  f o r  any 

human group t o  be more than a few m i l l i s e c o n d s  f rom any o the r .  The s o c i a l  

consequences of  t h i s  - f o r  good o r  e v i l  - w i l l  s u r e l y  be as g rea t  as were 

a1 i z a t i o n  

c a t  ions 

sen f rom 

those o f  the p r i n t i n g  press o r  t h e  i n t e r n a l  combustion engine. 

As t rade p a t t e r n s  assume g loba l  p r o p o r t i o n s  and new i n d u s t r  

i s  brought t o  many d i s t a n t  lands, t he  demand f o r  overseas commun 

has r a p i d l y  grown. The number o f  overseas telephone c a l l s  has r 

two t o  e i g h t  m i l l i o n  pe r  year over the  p a s t  t en  years .  A f u r t h e r  inc rease 

t o  40 m i l  1 ion pe r  year i s  p r o j e c t e d  f o r  t h e  decade ahead. And y e t  the  

c a p a c i t y  o f  our  overseas telephone cab les  i s  exceeded almost as f a s t  as 



c a p a c i t y  o f  300 v o i c e  channels by the 

1964. Only now a r e  we comple t ing  a g 

channel capac i t y .  And y e t  we foresee 
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I n  1956, we had a capac i t y  f o r  36 telephone c i r c u i t s  between they a r e  l a i d .  

Nor th  America and Great B r i t a i n .  This was subsequently expanded t o  a 

o f  t h r e e  more cab les  i n  

i n g  c a b l e  hav ing  an 80 v o i c e  

f o r  a f i v e f o l d  inc rease i n  

te lephone messages i n  the  nex t  ten  years, e x c l u s i v e  o f  any use f o r  t rans -  

m iss ion  o f  t e l e v i s i o n  p i c t u r e s .  

considered as r e q u i r i n g  the  same communications capac i t y  as 600 channe ls '  

A t e l e v i s i o n  p i c t u r e  may be rough ly  

o f  v o i c e  t ransmission, c l e a r  

seas cab les .  

Because o r b i t i n g  s a t e l l  

t r a v e l  on 

f rom t h e  

Fo l l ow ing  

c i r c u i t s ,  a b l a c k  and w 

the  same t ime, o r  c o l o r  

Frank Stanton, t h e  pres  

o f  E a r l y  B i r d  t h a t  " the  

a d d i t i o n  

obe-g i r d  

t h e  need 

y beyond t h e  c a p a b i l i t y  o f  a l l  o f  our  over- 

tes  can u t i l i z e  microwave techniques - which 

y i n  s t r a i g h t  l i n e s  i n  c o n t r a s t  t o  r a d i o  waves which r e f l e c t  

onosphere - t h e i r  communications c a p a c i t y  i s  t r u l y  p rod ig ious .  

c l o s e l y  on t h e  hee ls  o f  T e l s t a r  and Relay, t he  exper imental  

s a t e l l i t e s ,  i s  E a r l y  B i rd ,  t he  f i r s t  o f  our  commercial ly operated s a t e l -  

l i t e s  (F igure  20).  Th is  s a t e l l i t e ,  though o n l y  an i n f a n t  compared t o  what 

may be expected i n  t h e  f u t u r e ,  has a c a p a c i t y  f o r  240 two-way telephone 

i t e  t e l e v i s i o n  t ransmiss ion  i n  two d i r e c t i o n s  a t  

t e l e v i s i o n  i n  one d i r e c t i o n .  L i t t l e  wonder t h a t  

dent o f  the Columbia Broadcast ing System has s a i d  

mountains have been leve led  and the  oceans d r i e d  

up by an 85-pound p iece  o f  s c i e n t i f i c  j e w e l r y  t r a n s m i t t i n g  a 6-watt  s igna l " .  

The coverage p rov ided  i s ,  o f  course, g loba l  i n  nature, (F igu re  21) and 

hence can t i e  any coun t ry  i n  t h e  wor ld  t o  any o the r  coun t ry  w i t h o u t  
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dependence upon linkage toa third country. 

with equal ease and, once such a pattern of global satellites has been 

It can span oceans or continents 

ssion to a global communications capability is 

on. 

developed, the price of adm 

the cost of a terminal stat 

Some of the television 

formed by 

and a pav 

Worl d , I 1  1 

forum via 

pictures we have already seen from abroad via 

Early Bird are dramatic examples of things to come (Figure 2 2 ) .  

thrilling as the safe recovery of our astronauts was the realization that 

here we were, in our office or home, seeing an event live, as it happened, 

from the middle of the Atlantic Ocean. Other significant transmissions 

include Pope Paul V I  speaking from the Vatican, open heart surgery per- 

Equally 

Dr. DeBakey in a Houston hospital, or a colorful Mexican dance 

1 ion in Quebec. Figure 23 of a recent "Town Meeting of the 

nking statesmen from various parts of the world into a single 

Early Bird, dramatizes the potential impact of space communica- 

tions toward improved understanding among the peoples of the world. Here 

we see the American commentator Eric Sevareid engaged in discussions with 

Lord Chalfont of England, General Pierre Callois o f  France, Franz Josef 

Strauss of West Germany and Senator Robert Kennedy o f  our own country. 

It is also noteworthy that this Early Bird satellite was bought and 

is operated by a private corporation created by the passage of the 

Communications Satellite Act of 1962. This unique corporation, imbued 

with a strong sense of public responsibility and subject to close govern- 

ment scrutiny and regulations, already has capital resources in excess of 

200 million dollars. Stock is held by 164 communications carriers and more 
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than 140,000 s tockho lders  a r e  d i s t r i b u t e d  throughout the  Un i ted  States and 

abroad. The c r e a t i o n  o f  t h i s  Communications S a t e l l i t e  Corporat ion,  w i t h  

se may 

ng t o  the  

i t s  remarkable combinat ion o f  p u b l i c  purpose and 

show how o the r  g rea t  p u b l i c  purposes can be a t t a  

s t r u c t u r e  o f  government. 

p r i v a t e  en te rp r  

ned w i thou t  add 

Another area i n  which the  use o f  o r b i t i n g  s a t e l l i t e s  promises t o  be 

o f  g rea t  b e n e f i t  i s  i n  the  f i e l d  o f  meteorology. The weather a t  any 

p o i n t  on e a r t h  i s ,  o f  course, a p a r t  o f  a t r u l y  g loba l  a c t i v i t y .  And y e t ,  

p r i o r  t o  the  advent o f  the  weather s a t e l l i t e ,  we have been a b l e  t o  observe 

and s tudy  the opera t i on  o f  t h i s  g loba l  system from s t a t i o n s  t h a t  p rov ide  

coverage over o n l y  ten percent  o f  the E a r t h ' s  sur face.  I t  has been a 

l i t t l e  l i k e  ask ing  a doc tor  t o  evaluate the s t a t e  o f  h e a l t h  o f  a p a t i e n t  

w h i l e  be ing  a1 

h i s  t o t a l  body 

p r o v i d e  a comp 

case o f  Nimbus 

p o i n t e d  toward 

such t h a t  they 

owed t o  inspect  o n l y  a randomly se lec ted  ten  percent  o f  

But a s i n g l e  s a t e l l i t e  i n  a p o l a r  o r b i t  (F igure  24) can 

e t e  survey o f  t he  e n t i r e  e a r t h  on a d a i l y  bas is .  I n  the  

a t t i t u d e  c o n t r o l  devices keep the  cameras and o the r  sensors 

the  ear th ;  a t  the same time, the s o l a r  panels a r e  r o t a t e d  

a r e  kept  normal t o  the rays from the sun. When Nimbus 

en te rs  the  shadow o f  the  ea r th ,  e l e c t r i c  power i s  p rov ided by s to rage 

b a t t e r i e s  t h a t  a r e  recharged on each o r b i t .  Because the  usual TV cameras 

cannot be used a t  n i g h t ,  photography o f  the e a r t h  d u r i n g  t h i s  p a r t  o f  

t he  o r b i t  i s  obta ined by i n f r a r e d  techniques. By measuring the  degree 

o f  warmth o r  c o l d  o f  the o b j e c t  i n  v iew o f  these i n f r a r e d  sensors, a 

p i c t u r e  o f  the  e a r t h  and i t s  c loud  cover i s  ob ta ined t h a t  i s  f u l l y  equal 

t o  t h e  daytime coverage by camera. As t he  e a r t h  r o t a t e s  on i t s  a x i s  beneath 
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the  s a t e l l i t e ,  successive paths a r e  swept by the  cameras, thus p r o v i d i n g  

t h e  d a i l y  g loba l  coverage. 

Two o t h e r  fea tures  should be noted. F i r s t ,  i n  a d d i t i o n  t o  s imp ly  

c a r r y i n g  cameras o r  i n f r a r e d  sensors t o  see where the  c louds  are ,  these 

sate1 1 i t e s  a l s o  c a r r y  d v i c e s  c a l l e d  radiometers and spectrometers t h a t  

a r e  designed t o  be sens t i v e  t o  energy o f  va r ious  wave lengths .  

severa l  devices p rov ide  i n f o r m a t i o n  on such fea tu res  as water vapor 

concent ra t ions ,  su r face  and c loud  top temperatures, average s t r a t o s p h e r i c  

temperatures, t o t a l  e a r t h  atmosphere thermal r a d i a t i o n  and t h e  e a r t h  

albedo, o r  r e f l e c t i v i t y .  I t  i s  through p u t t i n g  a l l  these, and o the r ,  

f a c t o r s  together t h a t  an assessment o f  t he  t o t a l  heat budget o f  the  e a r t h  

can be made - which i s ,  i n  e f f e c t ,  t he  d i s t r i b u t i o n  and n a t u r e  o f  t h e  

energy t h a t  makes and d r i v e s  ou r  weather - and upon which a r e  based the  

expec ta t ions  f o r  accura te  long range f o r e c a s t s  on a s c i e n t i f i c ,  i ns tead  

o f  s imp ly  an obse rva t i ona l ,  bas i s .  

These 

I n  the s a t e l l i t e ' s  normal mode o f  ope ra t i on ,  these da ta  a r e  s t o r e d  

on magnetic tape and read ou t  when pass ing  over a c e n t r a l  da ta  r e c e i v i n g  

s t a t i o n .  Nimbus, however, a l s o  c a r r i e s  an au tomat ic  p i c t u r e  t ransmiss ion  

system which reads ou t  a p i c t u r e  o f  what i t  i s  l o o k i n g  a t  every 208 

seconds, w i thout  any command o r  i n t e r r o g a t i o n  f rom t h e  ground. This 

p i c t u r e  can, t he re fo re ,  be rece ived  by any s t a t i o n  w i t h i n  s i g n a l  range 

and equipped w i t h  the necessary antenna, r e c e i v e r  and f a c s i m i l e  machine - 
equipment valued a t  approx imate ly  $30,000. And so, we a r e  e s s e n t i a l l y  

say ing  t o  the whole wor ld  "here i s  a p i c t u r e  o f  t h e  weather w i t h i n  2000 m i l e s  
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o f  you - i f  you want i t ,  j u s t  tune in". I n fo rma t ion  conveyed i n  t h i s  

I manner i s  p a r t i c u l a r l y  use fu l  i n  i s o l a t e d  areas where meteoro log ica l  

communications networks a r e  scarce, unre l  i a b l e ,  o r  non-ex is ten t .  A t  t he  

present  t ime, some 150 o f  these s t a t i o n s  a r e  i n  opera t ion ,  44 o f  them i n  

26 f o r e i g n  coun t r i es .  

t .  

One example o f  these automatically-transmitted p i c t u r e s  i s  shown i n  

F igu re  25. Al though the photographic q u a l i t y  ob ta ined w i t h  t h i s  exper i -  

mental equipment i s  no t  h igh,  i t  i s  e n t i r e l y  adequate f o r  meteoro log ica l  

analyses. Here we see hu r r i cane  Alma churn ing  i t s  way up the F l o r i d a  

coast  t h i s  summer. The t i p  o f  the  F l o r i d a  pen insu la  i s  v i s i b l e ,  and t o  

the  south lays  the  i s l a n d  o f  Cuba. By s tudy ing  many such p i c t u r e s ,  together  

w i t h  o t h e r  p e r t i n e n t  data on temperatures, c loud  he igh ts ,  wind v e l o c i t i e s ,  

water conten t ,  e tc . ,  we a r e  l e a r n i n g  much about the  development o f  storms 

and t h e  f a c t o r s  t h a t  determine t h e i r  f u t u r e  course and endurance. 

By p u t t i n g  severa l  such p i c t u r e s  together ,  we can, of  course, o b t a i n  

a v iew o f  the weather over a l a r g e  area. One such mosaic cove r ing  the  

e n t i r e  U. S.  i s  shown i n  F igure  26. O f  i n t e r e s t  here a r e  the  ra in -produc ing  

storms a long the  west coast,  i c e  i n  Lake E 

eastern  Un i ted  Sta tes  and clouds i n  the  co 

Al though s t i l l  i n  t h e i r  in fancy,  and 

exper imental  purposes, our weather s a t e l l i  

s i g n i f i c a n t  ope ra t i ona l  b e n e f i t .  Over 100 

i e ,  snow cover over the  no r th -  

d a i r f l o w  o f f  the  east  coast .  

a rge l  y devoted t o  research o r  

es have a l ready  been o f  

typhoons and 30 hur r icanes  

have been observed and t racked i n  both the  P a c i f i c  and A t l a n t i c  Oceans. 

Near l y  1000 improvements i n  weather map analyses have been e f f e c t e d  and 
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Some 3000 spec ia l  storm a d v i s o r i e s  have been issued, b o t h  n a t i o n a l l y  and 

i n t e r n a t i o n a l l y .  O f  p a r t i c u l a r  i n t e r e s t  t o  NASA, f o r  example, was t h e  

d e c i s i o n  t o  te rm ina te  the  f l i g h t  o f  Gemini V one o r b i t  e a r l y  because i t  

was observed i n  one o f  the  T i r o s  p i c t u r e s  t h a t  t he  planned recovery area 

c l o s e  t o  Hur r icane Betsy. 

t he  c a p a b i l i t i e s  o f  a s a t e l l i t e  f o r  cont inuous, r a p i d  

was uncomfortably 

When we 1 i nk  

g loba l  coverage w 

e x c i t i n g  new poss 

i n f ra  r e d  i ma ge r s , 

t h  the  s e n s i t i v i t i e s  o f  new types o f  sensors, many 

b i l i t i e s  come t o  mind. Among these sensors a r e  radar ,  

i n f r a r e d  radiometers and spectrometers,  microwave r a d i -  

ometers, and magnetometers. Wi th  such instruments i n  o r b i t ,  which can 

measure the temperature, c o l o r ,  water conten t ,  shape, dens i t y ,  o r  r e f l e c -  

t i v i t y  o f  what they look  a t ,  we can, f o r  the  f i r s t  t ime, beg in  t o  assess 

many important resources o f  t h e  Earth.  Among these resources a r e  minera l  

d i s t r i c t s ,  s o i l s ,  crops, t imber ,  water, housing and t r a n s p o r t a t i o n  ne t -  

works. And, as we beg in  t o  map and assess these impor tan t  resources, we 

w i l l  begin t o  have i n  hand t h e  i n f o r m a t i o n  r e q u i r e d  f o r  t h e i r  p roper  c o n t r o l  

and management. The importance o f  b e t t e r  management o f  t h e  resources o f  

our s h r i n k i n g  Earth can h a r d l y  be ove rs ta ted .  Every day t h e  p o p u l a t i o n  

of the  Earth increases by 80,000. The growth o f  w o r l d  p o p u l a t i o n  - the  

consumers o f  these resources (F igu re  27) - i s  expected t o  double be fore  t h i s  

cen tu ry  i s  over.  I t  i s  a l s o  o f  g r e a t e s t  s i g n i f i c a n c e  t h a t  most o f  t h i s  

increase i n  the  w o r l d  p o p u l a t i o n  w i l l  occur i n  t h e  emerging lands of A f r i c a ,  

I n d i a  and Asia. I f  a l l  o f  these people a r e  t o  be adequate ly  c l o t h e d  and 

fed and provided w i t h  the  produc ts  o f  i n d u s t r y  t h a t  they  a r e  demanding - 
and i f  t h e i r  demands a r e  n o t  t o  shake t h e  w o r l d  - new sources o f  food, 

energy, t imber,  m inera ls ,  and f r e s h  water must be found and c o n t r o l l e d .  



Although the  elements and tang b l  e benef t s  o f  t h i s  program - An Ear th  

Resources Program - a r e  s t i l l  h i g h l y  s p e c t u l a t i v e ,  they a r e  o f  e q u a l l y  g rea t  

p o t e n t i a l .  

use t h i s  new c a p a b i l i t y  r e l a t e  t o  s o i l  and c rop  c o n t r o l ,  the  i d e n t i f i c a t i o n  

o f  new lands t o  b r i n g  under c u l t i v a t i o n ,  the  d e t e c t i o n  o f  f o r e s t  and crop 

disease, and l o c a t i n g  s i t e s  f o r  new r e s e r v o i r s .  We w i l l  soon need a wor ld  

water map t o  f i n d  and iden t  f y  the  ex ten t  o f  t h i s  impor tant  resource i n  t h e  

soil, i n  the  snow and i c e  f e lds,  and i n  t h e  atmosphere. As we manipulate 

our  environment, we w i l l  a l s o  need t o  watch the  movement and expend i tu re  o f  

t h i s  e s s e n t i a l  resource - a l l  o f  which may be p o s s i b l e  f rom a s a t e l l i t e .  

Measurements o f  t he  temperatures, depth, and c u r r e n t s  o f  the  oceans a r e  

impor tant  t o  f i s h i n g .  Frequent coverage o f  the  ocean areas on a g loba l  

sca le  can lead t o  i d e n t i f i c a t i o n  o f  new f i s h i n g  areas, t he  l o c a t i o n  and 

t r a c k i n g  o f  schools o f  f i s h  and marine mammals, and f o l l o w i n g  the  " red 

t i de " .  Coastal mapping may be o f  importance t o  the  pet ro leum i n d u s t r y  as 

w e l l  as t o  sh ipp ing  and f i s h i n g .  Ea r l y  d e t e c t i o n  o f  f o r e s t  f i r e s  may save 

much o f  t h i s  resource which has, i n  the  pas t ,  been l o s t  when they occur i n  

remote areas and go undiscovered u n t i l  t o o  l a t e  - such as the  f i v e  m i l l i o n  

acres o f  Alaskan t imber  t h a t  were destroyed i n  t h i s  manner i n  1957. The 

use o f  s a t e l l i t e s  has even been suggested as a va luab le  a i d  t o  l a y i n g  ou t  

t r a n s p o r t a t i o n  networks and i n  urban p lann ing .  

inc luded among the  s tud ies  c u r r e n t l y  under way t o  l e a r n  how t o  

These p o s s i b i l i t i e s  a r e  by no means e i t h e r  d e f i n i t e  o r  exhaust ive.  

Some o f  t h e  p i c t u r e s  we have a l ready ob ta ined w i t h  s imp le  cameras and 

i n f r a r e d  sensors - ins tead o f  w 

e a r l i e r  - are,  however, suggest 

t h  the more s o p h i s t i c a t e d  devices mentioned 

ve. For example, i n  the  photograph o f  
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F i g u r e  28 of t he  Great Bahama Banks, we can see t h e  d e t a i l  o f  t h e  ocean 

bottom, the l o c a t i o n  o f  shoals and ree fs ,  t he  v a r i a t i o n  i n  the  depth o f  

t he  water and some idea of t he  cu r ren ts .  The s i l t i n g  o f  t h e  mouth o f  t h e  

Colorado River,  and i t s  consequent i n f l u e n c e  on a l l  s h o r e l i n e  and water-  

r e l a t e d  a c t i v i t i e s  i n  t h i s  area, a r e  apparent i n  F igu re  29. The use o f  an 

i n f r a r e d  sensor t o  survey t imber land such as i l l u s t r a t e d  i n  F igu re  30, 

enables us t o  r e a d i l y  d e t e c t  t h e  presence o f  i n s e c t  damage. As noted, t h e  

damaged t rees  appear b l u e  w h i l e  the  hea l thy  t rees  show up as r e d  o r  p i n k .  

To the  eye, o f  course, they a l l  appear green. 

These, then, a r e  some o f  t he  g l i t t e r i n g  p o s s i b i l i t i e s  o f  our  f u t u r e  

i n  space, as w e l l  as some o f  t h e  r e s u l t s  o f  our c u r r e n t  a c t i v i t i e s .  Taken 

a l t o g e t h e r ,  t h i s  program represents  a n a t i o n a l  response t o  a cha l l enge  t o  

our techn ica l  leadersh ip ,  t he  p u b l i c  acceptance o f  d i f f i c u l t  goals t o  be 

pursued i n  an open manner f o r  a l l  t o  see, t o  share, and t o  thus become 

p a r t i c i p a n t s ,  the  expansion o f  our knowledge o f  our  environment, t h e  

development o f  t echn ica l  c a p a b i l i t i e s  o f  importance t o  the f u t u r e  s o c i e t y  

o f  mankind, and a chance t o  t a n g i b l y  demonstrate our  innermost des i res  

t o  share our wea l th  w i t h  the  people o f  l e s s  f o r t u n a t e  o r  more modest ly 

endowed nat ions .  I t  represents  an a c t i v i t y  t h a t  i s  p r e s e n t l y  absorbing 

the  energies and a t t e n t i o n  o f  more than 400,000 s k i l l e d  people i n  t h e  

l a b o r a t o r i e s ,  workshops and f a c t o r i e s  throughout our  n a t i o n .  Our a c t i v -  

i t i e s  i n  space, and t h e  many sciences and techno log ies  t o  which they 

g i v e  b i r t h ,  w i l l  s u r e l y  have a l a r g e  impact on t h e  f u t u r e  l i f e  o f  a l l  

o f  the  w o r l d ' s  peoples. 
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But a l l  of  t h i s  i s  b u t  a p a r t ,  one element, o f  i t s  t o t a l  p o t e n t i a l .  

We stand today w i t h  c a p a b i l i t i e s  undreamed o f  a 1000 years ago and 

unforeseen a 100 years ago. 

bu t  they a r e  c a p a b i l i t i e s  i n  human hands and they must serve human 

purposes. The g l i t t e r i n g  promise and the  awesome problems o f  the  f u t u r e  

come hand-in-hand and t o  deal w i t h  both w i l l  r e q u i r e  men and women who 

a r e  bo th  h i g h l y  t r a i n e d  and w e l l  educated. Science, and i t s  products ,  

and i t s  power, have now entered  t h e  mainstream o f  our  l i v e s  and i t  i s  

impor tant  t h a t  the p r a c t i t i o n e r  o f  t h i s  a r t  be n o t  o n l y  s k i l l e d  i n  h i s  

t rade  b u t  a l s o  f a m i l i a r  w i t h  the  l i t e r a t u r e ,  h i s t o r y ,  a r t s ,  and the  

p o l i t i c a l  and s o c i a l  h e r i t a g e  t h a t  form our c i v i l i z a t i o n .  S i m i l a r i l y ,  

f o r  t he  many o the r  non- technica l  p ro fess ions ,  a general background i n  the  

sciences and what i t  i s  do ing i s  o f  importance because o f  bo th  i t s  

i n t i m a t e  involvement i n  our  d a i l y  l i v e s ,  and as p a r t  o f  the  c u l t u r a l  

h e r i t a g e  o f  every educated person. I t  i s  e s s e n t i a l  t h a t  we have the  w i t  

and knowledge t o  c o n s t a n t l y  back away from our  technology and be a b l e  t o  

r e a l i z e  t h a t  t h i s  technology i s  b u i l d i n g  a s o c i e t y  f o r  human beings and 

t h a t  i t  i s  the  k i n d  o f  people we have t h a t  i s ,  i n  t h e  end, go ing t o  

These are c a p a b i l i t i e s  - and we need them - 

determine the use o f  t h i s  power. 

As we move ahead, as I am sure we w 1 1 ,  and cont inue t o  pursue the  

va lues  t h a t  sc ience can o f f e r  - the e l i m  n a t i o n  o f  s t a r v a t i o n  i n  the  

wor ld ,  the  c u r i n g  o f  disease, the conven ence o f  f a s t e r  t r a v e l  and ready 

communications, t he  development o f  new sources o f  energy, t h e  c o n t r o l  o f  

t he  resources o f  the  ea r th ,  - as we pursue these goals,  we must make 

c e r t a i n  t h a t  we do so w i t h  a sure and steady eye on the o l d e r  va lues o f  
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i n d i v i d u a l  freedom and t h e  d i g n i t y  o f  man. The grea t  task  ahead, there-  

fo re ,  i s  t o  be a b l e  t o  u t i l i z e  our r a p i d l y  growing sc ience and technology 

and i t s  ever more complex s o c i a l  s t r u c t u r e  no t  o n l y  t o  l i f t  the  burden 

from the  backs and minds o f  men bu t  a l s o  t o  f i n d ,  w i t h i n  t h i s  s t r u c t u r e ,  a 

p a t h  t o  a peaceful  wor ld  and new expressions o f  man's wor th  as a s p i r i t u a l  

e n t i t y  possessing c r e a t i v e  powers. 

And t h i s ,  a t  bottom, i s  the  grea t  task o f  educat ion.  We honor you, 

t he re fo re ,  f o r  your accomplishments as teachers and respect  you f o r  the  

importance o f  the  task  you have undertaken. To meet t h i s  task o f  the  

f u t u r e ,  we p lace  our f a i t h  i n  our  young people - t o  the  youth o f  your 

classrooms and t o  thousands o f  o thers  l i k e  them throughout our land. 

They ho ld ,  and they have, our  f a i t h  t h a t  they w i l l  master the  machines, 

w i l l  s i t  i n  wisdom a t  the counc i l  t ab les  o f  t he  wor ld ,  and w i l l  use the  

new sciences and technologies f o r  the bet terment  o f  a l l  mankind. 
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Figure 1. Surveyor looks at i ts shadow. 

CS-39840 

Figure 2. "Lift off!" Atlas-Centaur starts Surveyor on  i ts  journey to t h e  Moon. 



SURVEYOR TERMINAL DESCENT 
CRUISE ATTITUDE TO LUNAR SURFACE 

PRE-RETRO MANEUVER 
30 MIN. PRIOR TO TOUCHDOWN 

MAIN RETRO STARTS 
LO MI. ALTITUDE. 6,100 MPH 

MAIN RETRO BURNOUT AND EJECTION 
S MI. ALTITUDE. 240 MPH 

8 

VfRNlER ENGINES SHUTOFF ’ 
13 FT. 3 %  MPH , 

TOUCHDOWN AT 10 MPH 

19 

Figure 3. Terminal descent sequence of Surveyor. 

CS-41194 

Figure 4. Surveyor makes a footprint on the Moon. 



Figure 5. "A gently rol l ing surface littered with fragmental debris and studded 
with craters." 

Figure 6. Looking towards the horizon of the Moon. 



8 Figure 7. The Lunar Orbiter spacecraft. 

Figure 8. A view of the moon from Orbiter. 
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Figure 9. The br ight  crescent of a new Earth r i s ing  over the "back side" of the Moon. 

Figure 10. The Mariner-Mars spacecrafl. 



Figure 11. The surface of Mars from 9,000 miles. 

Figure 12. The space environment. 



cu 
M 

M 

w 

'-IV 

G-V 

G-V I1  

G - V I  

N O  P R O B L E M  

L A U N C H  A N D  R E E N T R Y  A C C E L E R A T I O N  

S P A C E C R A F T  C O N T R O L  

P S Y  C H O M O T O R  PE R FOR M A N  CE 

E A T I N G  A N D  D R I N K I N G  

O R I E N T A T I O N  

McDIVITT 6-3-65 
WHITE 

COOPER 
CONRAD 8-21-65 

F:;:p 12-4-65 

SCHIRRA 
STAFFORD 12-15-61 

U R I N A T I O N  

RE M A  I N  I N  G P R O B L E M  S 

DEFECATION 

SLEEP 

O R T H O S T A T I C  H Y P O T E N S I O N  
CS-41200 

G-X 

G - X I  
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Figure 15. Evidence of normal central nervous system function. 

PULSE-RATE CHANGE AFTER GEMINI MISSIONS 
COMPARED WITH BED-REST DATA 
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Figure 16. Pulse-rate change after Gemini missions. 



LOSS OF BONE DENSITY ON GEMINI MISSIONS 
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Figure 17. Calcium loss after Gemini mission. 

Figure 18. The view from 250,000 miles. 



Figure 19. The Mariner-Mars spacecraft. 
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Figure20. The Early Bird satellite - o u r  first commercial venture in Space. 
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Figure 21. The global coverage of communications satellites. 

THESE SCENES ARE FROM TRANSATLANTIC TELEVISION BROADCASTS DURING 1965 
VIA EARLY BIRD AS SEEN BY MILLIONS OF VIEWERS ON THEIR HOME TV SCREENS 

Figure 22. A few of the  scenes transmitted via Early Bird. 



Figure 23. A town meeting of the world. 
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Figure 24. The global, continuous coverage of weather satellites. 



HURRICANE ALMA OVER FLORIDA 
P H O T O  FROM N I M B U S  II 

JUNE 10, 1966 

Figure 25. Hurr icane Alma on t h e  coast of Fiorida. 

F I R S T  COMPLETE COVERAGE OVER NORTH AMERICA 
FROM ESSA I 

Figure 26. A mosaic showing the weather over t h e  en t i re  United States. 



Figure 27. The anticipated growth of t h e  world's population. 
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Figure28. The Great Bahama Banks from Gemini. 
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Figure 29. The mouth of the Colorado River. 

USE OF AERIAL EKTACHROME INFRARED FILM 
TO DETECT INSECT INFESTED TIMBER IN OREGON. 

DAMAGED TREES APPEAR BLUE - GREEN 
AND HEALTHY TREES APPEAR RED OR PINK 
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Figure 9. Measuring insect damage with airborne infrared sensors. 
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